We investigated the impact of watermelon grafted onto Cucumber Green Mottle Mosaic Virus (CGMMV)-resistant transgenic watermelon rootstock on insects as non-target organisms in a greenhouse in 2005. We quantitatively collected insect assemblages living on leaves and flowers, and we used sticky traps to collect alate insects. We compared the patterns of insect assemblages and community composition, cotton aphid (Aphis gossypii Glover) on watermelon leaves and western flower thrip (Frankliniella occidentalis Trybom) on watermelon male flowers, between CGMMV-resistant transgenic watermelon (TR) and non-transgenic watermelon (nTR). Non-parametric multidimensional scaling (NMS) ordination verified that insect assemblages on leaves and sticky traps were different between TR and nTR (P < 0.05). The insect assemblages on male flowers were not statistically significant. Multi-response permutation procedures proofed our results from NMS results (P > 0.05). Conclusively, TR watermelons appear to have some adverse effects on the population of cotton aphids on leaves and sticky traps, but watermelon male flowers do not show an adverse effect. Further research is required to assess the effect of TR on the aphid and western flower thrip. Life table experiments might support the specific reason for the adverse effects from leaf assemblages. Assessment of non-target impacts is an essential part of the risk assessment of non-target insects for the impact of transgenic organisms.
INTRODUCTION
Genetically modifying plants (i.e. transgenic plants) is a powerful science that allows moving genetic materials intentionally between organisms with the aim of changing their characteristics to improve crop cultivars, such as resistance to certain herbicides, diseases, or pests (Fraley 1992 , Simmonds et al. 1999 , Griffiths et al. 2000 , Conner et al. 2003 . The scientific advances in cell and molecular biology, including biotechnology, will continue to develop in genetically modified crops (Conner et al. 2003) . Many genetically modified organisms (GMOs) have been developed, and the cultivation areas and commercial markets of genetically modified (GM) crops increase annually around the world (James 2005). Although GM crops may potentially improve the reliability and quality of the world food supply, public and scientific concerns have been raised about the environmental safety and food safety of these crops. The safety of GM human food is controversial because of the possibility of transmittance of foreign materials (Conner et al. 2003 , Nap et al. 2003 . Therefore, a risk assessment for non-target organisms on all GM crops must be a priority for safe human food, and the application could resolve public and scientific concerns (Conner et al. 2003 , Nap et al. 2003 , Badosa et al. 2004 ). The identifying and developing scientific methodologies and tools available for environmental risk assessment (ERA) of meaningful pre-release testing and post-release monitoring and management of transgenic plants are required, in accordance with the Cartagena Protocol on Biosafety and other international agreements (UN DSD 1999, http://www.gmoguidelines.info). The GMO ERA Project is currently in its pioneer stage, driven by public sector scientists that includes experts in environmental science, biotechnology, and socioeconomics fields. The project addresses the environmental and agricultural effects of transgenic crops (Hilbeck and Andow 2004, Hilbeck et al. 2006) . The nontarget organism effects can be evaluated using experiments designed to identify hazard, determine levels of exposure, and assess if the hazard constitutes a risk (Cowgill and Atkinson 2003) . Practically, every non-target organism cannot be applied to assess the potential risks of GM plants. Therefore, the first step of the risk assessment
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Non-Target Insects in Conventional Agro-Ecosystem process is to select the proper non-target species to investigate the effects on organisms (Bigler and Babendreier 2006) . Common watermelons are monoecious, bearing both male flowers and female flowers. Each flower is approximately 2.5 cm in diameter and is self-fertile. Although watermelon has two pollinators, such as bees and bumble bees (Delaplane and Mayer 2000), an artificial cross method for fertilization is commonly used in conventional agriculture. Rootstock grafting is common in the cultivation of watermelon in South Korea and Japan (Park et al. 2005 ), but rootstock is vulnerable to virus infections, such as cucumber green mottle mosaic virus (CGMMV), which causes a loss of income for Curcurbitaceae crop farmers (Park et al. 2005) . Therefore, the transgenic watermelon rootstock (Citrullus lanatus (Twinser) cv. Gongdae) developed by Nong Woo Bio Co. (Park et al. 2005 ) for rootstock grafting could satisfy both the public's concern for transmittance of foreign genes into fruits and the farmers' needs for resistance to diseases in the agro-economy (Conner et al. 2003 , Nap et al. 2003 .
Because CGMMV is easily transmitted from soil, the development of a virus-resistant rootstock offers a viable solution. Because no genetic source is available for resistance against CGMMV infection yet, Park et al. (2005) used an alternative viral gene, a coat protein (CP) gene, and proved that the CGMMV-resistant TR watermelon rootstock (gongdae) did not transmit mRNA and protein into the leaves and fruits (KRIBB report 2005) .
It has been documented that transgenic crops impact agroecosystems and natural ecosystems through direct and indirect ways, including gene flows, invasions, and community and/or food web changes (Dale et al. 2002) . Although previous studies on the relationship between insects and their hosts are documented, there is a lack of risk assessment for the relationship between phytophagous insects and their host, transgenic watermelon. Cotton aphids (Aphis gossypii Glover) and western flower thrips (Frankliniella occidentalis), the major pests of watermelon, are known to vector >50 plant viruses, including CGMMV (Sylvester 1989 , Wijkamp 1995 , Cranshaw 2004 . Our objective was to assess the environmental risks of the effects of transgenic watermelon (TR) compared to non-transgenic watermelon (nTR) with a diverse insect community and the populations of cotton aphids and western flower thrips on watermelon grown in conventional agricultural conditions.
MATERIALS AND METHODS

Plant Cultivation and Experimental Designs of Greenhouse Plot Experiment
Watermelons grafted onto the transgenic CGMMV-resistant rootstock (Park et al. 2005) were planted in an isolated plastic greenhouse in Miryang Institute managed by Nong Woo Bio Co., according to the experimental design scheme (Fig. 1A) .
The plot experiment was conducted in the plastic greenhouse of the Miryang Institute of the Nong Woo Bio Co. in South Korea (E128°47', N35°30'). CGMMV-resistant transgenic (TR) and nontransgenic (nTR) watermelons (Citrullus vulgaris [Twinser] cv. Gongdae) were planted in two replicated plots with 7 watermelon plugs planted under restricted regulation. The total area of the experiment was 5×5m 2 , and the area was divided by 4 plots (Fig. 1) .
A. An experimental design B. A sticky trap A. The experimental design of the plastic greenhouse in Miryang where 7 watermelons were planted at each treatment. B. A sticky trap photo from the plastic greenhouse in Miryang (TR: Transgenic watermelon; nTR: non-transgenic watermelon).
